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(e.g., BIOPLUME II, Rifai et al., 1988). These plumes may initially
shrink (narrow) in the longitudinal direction because the high infil-
tration rate of oxygen continues to enhance degradation of hydrocar-
bons to low concentrations at the edges. Continued monitoring also
indicates that because of the higher dissolved oxygen, more BTEX is
degraded and the plume may recede closer to the hydrocarbon source.
It should be emphasized that the degree to which these reductions in
plume BTEX occur depends on the removal of the free-phase and
sorbed hydrocarbons from the contaminated zones. For example, a
fluctuating water table could continue to flush more BTEX into the
plume from the source area. Removal and management of the con-
taminant source, therefore, are important prerequisites for success-
fully implementing intrinsic bioremediation at field sites.

FUTURE DIRECTIONS

Laboratory research and field research have contributed to our
understanding of intrinsic bioremediation of BTEX in aquifers as a
viable option for managing and controlling hydrocarbon plumes. Research
in several areas, however, could enhance the validity and overall
regulatory acceptability of the plume containment process. For ex-
ample, important factors for understanding contaminant behavior and
predicting the time for remediation may include (1) a better under-
standing of aquifer parameters (e.g., recharge and water table fluc-
tuations); (2) tools for quantifying subsoil sources of hydrocarbons
and their potential for transport into ground water; and (3) user-
friendly ground water models that use monitoring well, hydrogeological,
and soil microbiology data to predict the transport and fate of con-
taminants. Geochemical and biological indicators of in situ biodeg-
radation in addition to BTEX and dissolved oxygen, such as the for-
mation of carbon dioxide and other rnicrobial metabolites as well as
ferrous ion, may also help verify intrinsic biodegradation processes
in aquifers. Information on the limits of degradation of soil contami-
nants (e.g., optimum BTEX and dissolved oxygen concentrations and
supplemental nutrient effects) and on the widespread occurrence of
BTEX degraders in aquifers would also improve our understanding
of plume management. Finally, it is important that demonstrated in
situ biodegradation gain acceptance by the regulatory authorities and
that intrinsic bioremediation be considered a valid and cost-effective
means of controlling pollutant migration in low-risk aquifers. Bio-
degradation in aquifers will continue to play a major role in the man-
agement of low levels of soluble hydrocarbons from fuel spills to the
subsurface.